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Abstract

Background: Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia. The
symptoms of hyperglycemia include polyuria, polydypsia, polyphagia, blurred vision and weight
loss. Various diagnostic tests are used for the diagnosis of DM in patients, but the findings of these
tests cannot be assumed to be completely valid. This study aimed at developing a novel scoring
system to assess the patients suffering from DM. Method: We assessed the patients based on vari-
ous diagnostic tests available for DM and prepared a single list of these tests. The tests were cate-
gorized and graded based on the World Health Organization (WHO) criteria. Further, we coverted
the grades into numeric values for easy use. Results: NFS for diabetes is an 11-point scoring sys-
tem that assesses the patient’s condition before and after therapy. To facilitate the conduct of prob-
ability based studies, we have converted the scores into numeric values in the range of (0, 1). Each
symptom is graded as (1, 2, 3, 4, 5) that runs in BAD - GOOD direction. Conclusion: NFS is a bene-
ficial scoring system that can be used worldwide to assess the patients with DM.
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1. Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia. It results from the defects in
insulin secretion, insulin action or both. The symptoms of hyperglycemia include polyuria, polydypsia, poly-
phagia, blurred vision and weight loss [1]. Various pathological mechanisms are associated with the onset of
DM. These include the destruction of beta (f) cells in pancreas which causes insulin deficiency and abnormali-
ties, resulting in blockage of insulin action [2].

DM can be classified into two broad types: Insulin Dependent Diabetes Mellitus or Type I (IDDS) and Non-
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Insulin Dependent Diabetes Mellitus or Type II (NIDDS) [3]. The cause for IDDS is an absolute deficiency of
insulin secretion. NIDDS is caused by the combination of resistance to an insulin action and inadequate com-
pensatory insulin secretory response [4].

Various diagnostic tests like random blood sugar, glycated hemoglobin (HbAc) and serological examination
are used for the diagnosis of DM, before and after the treatment [5]. But, the findings of these tests cannot be
assumed to be completely valid. For example, HbA ¢ captures chronic hyperglycemia better than two assess-
ments of fasting or 2-h oral glucose tolerance (OGT) test, but DM is clinically defined by high blood glucose
and not by glycation of proteins [6]. Fasting plasma glucose (FPG) is a widely used automated diagnostic me-
thod, but it indicates only a single point blood glucose level. The findings of this test are known to be affected
by the short term lifestyle changes, including stress and illness [7]. Diabetes is a chronic lifelong disease and a
diabetic patient may have to continue medication throughout his life [8]. Further, if misdiagnosed, it can lead to
several complications. Thus, diagnosing and assessing a patient with diabetes are crucial. The tests available for
diagnosis of diabetes have one or other limitations and a physician cannot rely on a single or a couple of diag-
nostic tests [9]. A battery of diagnostic tests largely helps in assessing the patient. Further, it is also important to
assess the patient accurately during the course of the therapy so that a better decision can be made for deciding
the therapeutic strategy. Thus, it is crucial to assess the patient before and throughout the therapy.

To overcome the limitations associated with confirming the diagnosis of DM, we have introduced a novel
numeric scoring system called the Nutech Functional Score (NFS), which can be used to evaluate/diagnose the
patient before and after therapy. Currently, there is no scoring system for assessing the patients with DM. This
paper discusses about the development of the NFS for the patients with DM.

2. Materials and Methods
2.1. Material

NFS comprises of a battery of tests that are deemed important to diagnose a patient with diabetes. Each of these
tests or parameters is further sub-graded in to three to five categories. NFS evaluates each symptom in the list on
the basis of five ordinal scores that run in BAD — GOOD direction. We have converted the scores into numeric
values required for probability based studies in the range of (0, 1). All the patients evaluated with NFS were
previously diagnosed with tests routinely used for the diagnosis of DM including blood sugar, serological ex-
amination and HbA c.

2.2. Method

The study included both the pre-diagnosed diabetic patients and those who visited our facility and were diag-
nosed at the institute by routine diagnostic procedure. All the diagnostic tests that were used for evaluating the
patients were recorded in the diagnostic history. The institute initiated assessing all the lists of recorded diagnostic
tests and prepared a single list which included all the currently used diagnostic tests that are available to diagnose
the diabetic patients.

3. Results

We have developed an 11-point scoring system to assess the patients with DM. This scoring system comprises
of a battery of diagnostic tests that are essential to assess a diabetic patient. The five scores (1, 2, 3, 4, 5) run in
the direction 1 — 5 i.e. BAD — GOOD. These five numbers from 1 — 5 represent bad, not so bad, medium, not
so good and good, respectively. These five scores are ordinal in the range of (0.5, 5.5). For probability based
studies, we have converted these scores into the range of (0, 1). At any value of “x”, where Y, = categorical

Y05 _ Y 40066
0.5 0.096

the conversion of five/three categorical scores (0.5 - 5.5) for symptoms into five/ three numeric scores in the
range (0, 1).

The NFS scoring details are presented in Appendix 1. NFS consists of tests that are routinely used to diag-
nose a patient with diabetes. The World Health Organization (WHO) criterion has been followed to grade a pa-
tient as diabetic. NFS comprises of HbA ¢, FBS, post prandial blood sugar (PPBS), secondary complication, se-
rum insulin levels, pre-dinner sugar levels, serum peptide, insulin levels, insulin with medication and medication

score and Y, = numeric score, the relationship is supposed to be as
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Table 1. Conversion table from categorical scores to numeric range for NFS.

Score Categorical grades
End grade

Range 1 2 3 4 5
Score 0.122 0.310 0.500 0.690 0.89

5
Range (0-0.241) (0.241 -0.379) (0.379 - 0.621) (0.621 - 0.759) (0.759 - 1.00)
Score 0.167 0.500 0.833 -

3
Range (0-0.333) (0.333-0.667) (0.667 - 1.00) -

level. All these tests are further sub-graded using the WHO criteria. For example, according to WHO, the cut-off
point for diagnosing diabetes is 6.5 gm% for HbAc [10]. In NFS, the HbA ¢ is scored 1: if HbAc is >9.0 gm%;
2: if HbA ¢ is between 7.0 - 9.0 gm%; 3: if HbA ¢ ranges between 6.5 - 7.0 gm%; 4: if HbA ¢ falls between 6.0
- 6.5 gm%; 5: if HbA ¢ is <6.0 gm%. The WHO cut-off limit falls in the grade 4 of NFS. Similarly, all other di-
agnostic tests are sub-graded with respect to WHO [11] [12]. The conversion of these sub-grades in to numeric
scores facilitates easy addition and substraction of grades making it easy to assess a patient after therapy for
benefit, if any.

4. Discussion

DM is an endocrinology disorder resulting in improper functioning of pancreatic  cells. The etiology of DM is
multi-factorial and includes genetic factors coupled with environmental influences such as obesity associated
with rising living standards, steady urban migration and lifestyle changes.

The diagnostic methods do not provide the complete evaluation of the patients with diabetes [13]. No single
test seems to be useful in diagnosing diabetes. Further, there is variability in reporting of these tests which fur-
ther leads to misdiagnosis. A review by Lippi and Targher established the limitations of HbA ¢ test as it showed
variation in diagnostic performance among different populations (i.e., pregnancy, elderly and non-Hispanic
blacks), risk of over diagnosis in subjects with iron deficiency anemia, in subjects genetically predisposed to
hyperglycation, and in those with increased red blood cell turnover [14]. Davidson and associates reported that
the oral glucose tolerance test (OGTT) is poorly reproducible. The response to OGTT may be abnormal because
of physical inactivity or carbohydrate intake [15]. Snehalatha et al. conducted a study on 1261 South Indian
subjects having no known history of diabetes. Although, the results of this study showed high sensitivity (88.5%)
and specificity (85.2%) for HbA and sensitivity (62.8%) and specificity (61.2%) for FPG as per the WHO and
American Diabetes Association (ADA) criteria, but 35% variations were reported in HbA ¢ that remain unex-
plained by FPG [16].

During the past years, studies comprising combination of diagnostic tests were carried out for accurate diag-
nosis of the patients with diabetes. But the combination of tests was also not able to completely explore the level
of disease in patients. Mo ef al. conducted a study on 6661 Chinese adults for diagnosis of type II diabetes by
combining HbA ¢ and FPG. They found that the threshold of HbA,c and FPG were increased by combining the
tests as compared to an individual test. Moreover, sensitivity and specificity of combining the use of HbA ¢ and
FPG were as high as 83.7% and 89.3%, respectively; but false positive and negative results were also reported
during the study [17].

On the basis of diagnosis, the patients are classified into three types viz. normal, borderline and diabetic. The
normal type is defined as a group which would not progress to diabetes after follow-up of several years. The
borderline type is defined as neither being normal nor of diabetic type [18] [19]. The current diagnostic methods
clearly distinguishes the normal type and the diabetic type patients as there are clear cut-off limits set by WHO.
However, it is usually difficult to diagnose a borderline patient using a single test or even after combining 2 - 3
tests. To mitigate these limitations, a novel numeric system called NFS has been introduced for evaluation of
patients. In NFS, the various diagnostic tests have been scored in a direction 1 — 5 i.e. BAD — GOOD. These
five numbers from 1 — 5 represents bad, not so bad, medium, not so good and good condition, respectively. The
first two scores (1, 2) represents the diabetic type patients followed by the third and fourth score (3, 4) which
represent the borderline type patients and the subsequent scores (5) represent the patients with good clinical sta-
tus. Thus, the NFS scoring system can help physicians to even evaluate the patients that are at borderline. In the
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NFS system, the reference range of diagnostic tests is as per the WHO criteria. For example; the WHO cut off
point for FPG is 126 mg/dl [11], this value corresponds to grade 4 in NFS i.e. 100 - 126 mg/dl (not so good con-
dition). Similarly, other tests are also scored according to the WHO cut-off points [10] [12]. As per the NFS
scoring, a patient is considered as improved if he scores 5 in all the diagnostic tests. The total score of all the
tests should be 55 for a patient without diabetes. On the other hand, if the patient score falls in range of 54 to 33,
then he will be considered in borderline type and scores between 32 and 11 will be considered as diabetic type.

Let us take a hypothetical example to understand the use of NFS. Consider a diabetic male patient aged 32
years who is scored with NFS. Suppose,the patient is tested for fasting blood sugar (FBS). As per NFS, the FBS
is scored 1: if FBS is >300 mg/dl; 2: if FBS is between 140 - 300 mg/dl; 3: if FBS ranges between 126 and 140
mg/dl; 4: if FBS falls between 100 and 126 mg/dl; 5: if FBS is <100 mg/dl and if the patient does not have FBS
then it is referred as NAA. Suppose the patient has been scored 2 for FBS before the treatment.

In the same way, PPBS also has 5 scores viz. 1: if PPBS is >400 mg/dl; 2: if PBBS is between 300 and 400
mg/dl; 3: if PBBS ranges between 200 and 300 mg/dl; 4: if PBBS fall between 140 and 200 mg/dl; 5: if PBBS <
140 mg/dl and NAA if it is not affected. Suppose the patient has a score 1 before treatment.

Secondary complication is also scored as; 1: if multiple organs involved; 2: if > 4 organs involved; 3: if 2 - 3
organs involved; 4: if 1 - 2 organs involved; 5: if no any organ involved and if patient does not have secondary
complication then it is denoted as NAA. Let’s assume that the patient is scored 2 for this symptom. Similarly, all
other symptoms have been scored with NFS for this patient (Table 2). The total NFS score for patient is cumu-
lative scores of all the symptoms.

As per NFS, the patient scored 18 and 37, before and after the treatment, respectively. The total score for
symptoms increased as the patient moved from grades 1 — 5 in direction BAD — GOOD depicting an im-
provement (Table 2). The improvement shown by NFS also affects the course of therapy. As the patient moves
from the lower scores to higher, representing an improvement, the level of medication also decreases. The other
advantage of scoring system is that it also depicts even the slightest improvement/ deterioration in symptoms of
the patient by addition and subtraction of the scores.

5. Conclusion

In conclusion, the diagnostic tests for DM possess several limitations that make it troublesome to assess the di-
abetic patients [13]. A unique numeric scoring system like NFS can be used to validate or confirm the diagnosis
of DM in patients. However, we have only assessed and scored the patients with NFS at our center. We encour-
age the use of this system worldwide by other physicians and healthcare professionals. This will help to assess
the reliability of NFS scoring system.

Table 2. Example of hypothetical scores of one patient before and after the treatment.

Parameters Scores before treatment Scores after treatment

HbA ¢ 2 4
FBS 2 3
Post prandial blood sugar 1 4
Secondary complication 2 5
Serum insulin 3 4

Post prandial blood insulin (60 min.) NAA NAA

Pre-dinner NAA NAA
Serum peptides 2 4
Insulin level (treatment given) 2 5
Insulin with medication 3 4
Medication level 1 4
Total score 18 37

HbA | ¢: Glycated hemoglobin; FBS: Fasting Blood Sugar; NAA: Not affected.
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Appendix 1. Nutech functional score for patients with diabetes.

Parameter Description Score
Not affected NAA
<6.0 gm% 5
6.0 - 6.5 gm% 4
HbA]C
6.5-7.0 gm% 3
7.0 -9.0 gm% 2
>9.0 gm% 1
Not affected NAA
<100 mg/dl 5
100 - 126 mg/dl 4
FBS
126 - 140 mg/dl 3
140 - 300 mg/dl 2
>300 mg/dl 1
Not affected NAA
<140 mg/dl 5
140 - 200 mg/dl 4
Post prandial blood sugar
200 - 300 mg/dl 3
300 - 400 mg/dl 2
>400 mg/dl 1
Not affected NAA
No Organ involved 5
1 - 2 Organs involved 4
Secondary complication
2 - 3 Organs involved 3
>4 Organs involved 2
Multiple Organs involved 1
Not affected NAA
Low 2
Serum insulin
Normal 1
High 2
Not affected NAA
>12 mg/dl 5
10 - 12 mg/dl 4
Post prandial blood insulin (60 min.)
8 - 10 mg/dl 3
6 - 8 mg/dl 2
<6 mg/dl 1
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Continued

Pre-dinner blood sugar

Serum peptide

Insulin level (treatment given)

Insulin with medication
(oral hypoglycemic)

Medication level
(oral hypoglycemic)

Not affected
<100 mg/dl
100 - 126 mg/dl
126 - 140 mg/dl
140 - 199 mg/dl
>200 - 400 mg/dl
Not affected
0-0.5 mg/ml
0.5 - 1 mg/ml
1.5-2.0 mg/ml
2.0 - 2.5 mg/ml
>2.5 mg/ml
Not affected
0-20IU
20- 601U
60 - 80 IU
80 - 100 IU
>100 TU
Not affected
No Medication
Insulin with 2 medications
Insulin with 3 medications

Insulin with 4 medications

Insulin with more than 4 medications

Not affected

Not Taken

NAA

HbA,¢: Glycated hemoglobin; FBS: Fasting Blood Sugar.
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